Abstract Abstract Abstract Abstract AIM: We set to determine factors that determine clinical severity after the development of resistance.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Treatment of CHB was revolutionized by the introduction of orally administered antiviral agents. Lamivudine, a nucleoside analog and the first orally available antiviral agent for CHB, had demonstrated significant results in clinical trials, with universal suppression of HBV DNA level by 3 logs, 55% improvement in histological necroinflammatory score, normalization of ALT in the majority of patients after 1 year of treatment [1, 2] . Even among patients with decompen-sated hepatitis B cirrhosis, there was clinical improvement [3] , thus enabling some of them to be taken off liver transplant waiting lists.
However, drug resistance with lamivudine occurs with prolonged usage, rising from 14-24% at the end of first year, to 57% by the end of year 3 [4, 5] . Resistance occurred primarily as a result of mutations in the YMDD motif of the polymerase gene although subsequently, mutations at other sites have been reported [6] . Initial reports suggested that lamivudine-resistant HBV virus may be less virulent and replication-defective, as the ALT and HBV DNA levels caused by these mutant viruses were lower than the pretreatment values [7] . However, subsequent reports of decompensation, acute exacerbations, and deaths from such mutant viruses suggested otherwise [8, 9] . This has given rise to the suggestion of limiting lamivudine therapy to 12 mo duration in order to avoid the development of these mutants [10] . Lamivudine resistance can be divided into genotypic and clinical phenotypic resistance. Genotypic resistance refers to the presence of a lamivudine-resistant strain such as the YMDD mutants, which in itself may not lead to any clinical sequela, since such strains have been detected in patients who have not had prior exposure to lamivudine [11] . Clinical phenotypic resistance refers to the presence of genotypic resistance with the subsequent development of clinical deterioration, defined as elevation of transaminases and/or deterioration of liver histology and liver function. Factors that predict the development of genotypic resistance [5, 12] had been evaluated in many studies, which included pretreatment HBV DNA level, ALT level, body mass index, adw serotype, and core promoter mutations [13] [14] [15] . However, these studies did not address the more important question of which factor(s) actually lead to clinical resistance.
Hence, we set to examine variables that determined the clinical phenotypes after the development of genotypic lamivudine resistance.
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Patients
From January 1996 to April 2003, we prospectively followed all patients started on lamivudine 100 or 150 mg daily monotherapy for clinical indications, or who had completed trials of lamivudine monotherapy, at 3 monthly intervals. These included patients who were recruited from the Asian Multicentre Lamivudine Trial and its subsequent rollover follow-up study NUCB3018 [1, 4, 16] , which also included patients with normal pre-treatment ALT levels. Patients were also given lamivudine if it was clinically indicated, such as persistently abnormal ALT levels (greater than twice upper limit of normal for at least 3 mo duration), decompensated liver disease (development of variceal hemorrhage, ascites, and hepatic encephalopathy), or were on the liver transplant waiting list. All patients had detectable HBV DNA by a non-PCR based assay prior to initiation of therapy. Lamivudine was prescribed for at least a year and was continued even when genotypic resistance developed. During the duration of the study, none of the patients were given adefovir dipivoxil as a rescue therapy as it was not yet available in Singapore. This study was approved by the Institutional Review Board of the National University Hospital, Singapore.
Exclusion criteria
Patients who tested positive for anti-HCV, anti-HDV, and HIV, had significant history of alcohol intake (defined as more than seven drinks per week), or were non-compliant with lamivudine were excluded from the study. Patients who developed resistance after liver transplants were also excluded.
Measurement of HBV DNA
Prior to March 2000, the Abbott HBV DNA assay (Abbott Laboratories, North Chicago, IL, USA) was used for HBV DNA viral load quantification. After March 2000, this assay was substituted to a branched-chain assay (Chiron Quantiplex TM , Chiron Corp). Results of the Abbott HBV DNA assay were converted using the Multimeasurement Method [17] .
Phenotypes
Eligible patients were classified into three distinct phenotypes according to their baseline characteristics. The presence of cirrhosis was determined by liver biopsy or by ultrasonographic features in those with clinical decompensated disease. Group IA Non-cirrhotic patients with normal baseline ALT level Group IB Non-cirrhotic patients with abnormal baseline ALT level Group II Cirrhotic patients
Genotypic lamivudine resistance
Genotypic resistance was defined as reappearance of at least two consecutive detectable HBV DNA levels after a period of undetectable level whilst on continuous lamivudine therapy for more than 6 mo.
Characterization of lamivudine resistance by sequencing
Confirmation of genotypic resistance was performed by comparison of results from direct sequencing of the HBV polymerase of the HBV DNA samples before starting lamivudine, and after development of resistance. DNA was extracted and direct sequencing was performed at a 750 bp region between nt 253 and 1 006 of the HBV genome using the two primers: Forward primer: 5'-GAC TCG TGG TGG ACT TCT CTC AA-3'.
Reverse primer: 5'-CCC ACA ATT CTT TGA CAT ACT TTC C-3'. The forward and reverse sequences were aligned using the Seqman program (DNAstar). This segment has been known to contain all the mutations known to confer lamivudine resistance. New mutations emerging after treatment of lamivudine were determined for their resistance conferring properties from previously published data and categorized using the new nomenclature [6, 18] .
Clinical resistance
All patients were followed for a minimum of 6 mo after the emergence of genotypic resistance and for as long as the patients were continued on lamivudine. Serial analysis of ALT, bilirubin, prothrombin time, HBeAg, anti HBe and HBV DNA level by Chiron Quantiplex TM , at 3 monthly intervals were done. Serial Child-Pugh Turcot (CPT) scores were also calculated. No serial liver biopsy was performed in our patients.
In the non-cirrhotic group, clinical resistance was defined as abnormal rise in ALT greater than twice upper limit of normal. In the cirrhotic group, clinical resistance was defined as abnormal rise in ALT greater than twice the normal upper limit, or an increase of CPT Score by two points or more.
Clinical severity was assessed at four time points: timepoint 1 (baseline or pretreatment), timepoint 2 (6 mo after the commencement of lamivudine therapy), timepoint 3 (peak ALT or CPT levels after the development of genotypic resistance), and timepoint 4 (last ALT or CPT on follow-up).
HBV genotyping
HBV genotyping was performed using restriction fragment length polymorphism created by Ava2 and Dpn2 action on an amplified segment of the pre-S region as previously described [19] .
Statistical analysis
Changes in ALT level and CPT Score were compared at four timepoints within each group of patients. Statistical analysis was performed by Wilcoxon Matched-Pairs Signed Rank Test to avoid the effect of pooling results from different patients. The relationship of two continuous variables was tested by Spearman ρ Correlation test. P values of less than 0.05 were considered statistically significant. The following parameters: age, sex, baseline ALT, ALT at the point of emergence of resistance, baseline HBV DNA level, peak HBV DNA post genotypic resistance, duration of lamivudine treatment, type of mutation, genotype and HBeAg seroconversion were analyzed by univariate analysis to determine factors associated with phenotypic resistance. Categorical variables and continuous variables were compared by Fisher's exact test and Student's t-test, as appropriate. Significant factors from univariate analysis were then analyzed by multivariate analysis by forward logistic regression to determine independent factors associated with phenotypic resistance.
All statistical analysis was performed using computer software, SPSS 10.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESUL RESUL RESUL RESUL RESULTS TS TS
TS TS Patients A total of 78 patients were prescribed lamivudine for hepatitis B related indications or had completed a clinical trial of lamivudine therapy at our institution for a minimum of 1 year during the study period. Of these, 35 patients (45%) developed genotypic resistance to lamivudine while on treatment after a median of 143 wk (range 35-212 wk) and were included in this study. Twenty-one (60%) were part of the Asian Lamivudine Trial (NUCB 3009/NUCB3018) [1] , of which 11 received uninterrupted lamivudine treatment while 10 were restarted on open label lamivudine after viral breakthrough when they were on placebo. The remainder of the patients was given lamivudine for clinical indications of chronic hepatitis (n = 4, 11%) and cirrhotic liver disease (n = 10, 29%), respectively. One patient was eligible to enter a trial of adefovir/lamivudine (NUCB 20904) treatment for persistent abnormal transaminases at 56 wk after emergence of resistance. Data up to the point of trial entry was used for analysis but data thereafter was censored. No patient received liver transplant after the emergence of resistance. Thus in total, 35 patients were eligible for analysis. There were no missing patients or dropouts from the cohort.
All 35 patients were stratified into three groups (Table 1) : 13 patients (37%) were in Group IA (noncirrhotic patients with normal baseline ALT), 12 (34%) of patients were in Group IB (non-cirrhotic patients with abnormal baseline ALT), and the remainder of the patients (n = 10, 29%) were in Group II (cirrhotic patients). Group IA and B patients were predominantly from the Asian Lamivudine trial and had a median age of 35 years (range: 21-48 years) and 34 years (range 20-45 years), respectively. Patients in Group II were expectedly older with median age of 52 years (range 42-68). There was a preponderance of male patients (M:F = 30:5). With the exception of one Malay patient, all remaining patients were Chinese (97%). Of these 35 patients, genotypic resistance developed at a median of 143 wk after being on lamivudine (range 35-212). Median patients follow-up after genotypic resistance was 102 wk (range 26-220).
HBV genotypes
Majority of the patients had either genotypes B or C. Eighteen (51%) were of HBV genotype B while 13 patients (37%) had genotype C. Four (12%) had other genotypes: one was Genotype A, one had a mixture of B/C genotypes, and two were untypable ( Table 2) .
Mutations involved in lamivudine resistance
Sixteen of thirty-five patients (46%) were found to have the rtM204I (YIDD) mutation at the YMDD motif, whilst 12/35 (34%) demonstrated the rtM204V (YVDD) mutation and the remainder had at least one acquired mutation that was not present at the baseline and was known to confer resistance against lamivudine. (Figure 1 ). These included various combinations of mutations at rtA181T, rtL80V/I and rtL187I. 
Clinical resistance
(1) Group IA (non-cirrhotic with normal baseline ALT), n = 13 ( Figure 2A ). Only three patients (23%) developed abnormal ALT after the emergence of genotypic resistance at median follow-up of 96 (range: 48-220 wk). The changes in ALT in the group between the four timepoints were non-significant. All three patients normalized their ALT after a median duration of 6 (range: 4-12 wk), one of whom achieved HBeAg seroconversion; (2) Group IB (non-cirrhotic with abnormal baseline ALT), n = 12 ( Figure 2B) .
Normalization of ALT levels 6 mo after starting lamivudine was seen in all patients (Wilcoxon signed Rank P = 0.012). However, with the emergence of genotypic resistance, 9 out of 12 patients (75%) developed abnormal ALT (Wilcoxon signed Rank P = 0.017) after median follow-up of 124 (range: 26-208) wk. Two patients registered peak ALT elevations of more than 10 times upper limit of normal, one of whom had the highest ALT (>17 X ULN) at the baseline. ALT level at timepoints 3 and 4 were similar to the baseline level at timepoint 1 (P>0.05). Five of the nine (56%) patients normalized their ALT after a median duration of 8 (range: 4-14) wk, two of whom achieved HBeAg seroconversion.
(3) Group II (patients with cirrhosis), n = 10 ( Figure 3 ). Six patients (60%) had abnormal ALT at the baseline ( Figure 3A ). All patients showedALT improvement after treatment with lamivudine (Wilcoxon signed Rank Test, P = 0.015). With the emergence of genotypic resistance, abnormal ALT elevations occurred in five patients (50%) after a median follow-up of 64 (range: 34-102) wk. The development of abnormal ALT at timepoint 3 compared to timepoint 2 was statistically significant (P = 0.017). When ALT levels among timepoints 1, 3, and 4 were compared, no significant difference was found. All the five patients with flares of ALT normalized their ALT level after a median duration CPT score analysis showed a similar trend in this group ( Figure 3B ). The CPT score at timepoint 2 showed significant improvement compared to timepoint 1 (Wilcoxon Signed Rank, P = 0.016) but deteriorated with the emergence of resistance at timepoint 3 (Wilcoxon Signed Rank, P = 0.041). No statistical significance was detected between CPT Score at timepoint 1 and timepoint 3 as well as between timepoints 1 and 4, with follow-up median duration of 64 wk after resistance (range 34-102). Three patients died from liver decompensation at 42, 78, and 96 wk, respectively after resistance developed, two of whom had the poorest pretreatment CPT score. None of the patients achieved HBeAg seroconversion although 40% (4 out of 10) were eAg negative Hepatitis B cirrhotics to begin with.
Factors that determine clinical severity of lamivudine-resistant mutants
At univariate analysis, only the baseline ALT in non-cirrhotics and the baseline CPT score in cirrhotics were predictive of phenotypic resistance (P = 0.018 and P = 0.038, respectively, Table 2) .
Multivariate analysis was then performed with these two parameters. Using logistic regression analysis, the baseline ALT was shown to be significantly predictive of phenotypic resistance (OR 9.6, 95%CI 1.2-4.0, P = 0.03). The peak ALT level post resistance also correlated with the baseline ALT. (Spearman's ρ = 0.441, P = 0.027).
Similarly for CPT score, regression analysis showed baseline CPT score to be predictive of phenotypic resistance in terms of deterioration in CPT score after resistance (P = 0.022). Every additional CPT score at baseline predicts an additional 1.19 CPT score after resistance (B = 1.19, 95% CI: 0.235-2.15). Expectedly, peak CPT score after resistance showed strong correlation with baseline CPT score (Spearman's ρ = 0.785, P = 0.007).
Interestingly, neither the pretreatment nor the peak HBV DNA post-resistance were shown to be predictive of phenotypic resistance although the peak HBV DNA level post-resistance was noted to correlate with the pretreatment HBV DNA level (Spearman's ρ = 0.414, P = 0.013).
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
The most important finding of our study was that the course of lamivudine-resistant hepatitis B was generally benign except in cirrhotics. In Group IA (patients with normal baseline ALT), despite the emergence of lamivudine resistance, most (10 of 13, 77%) of the patients maintained normal ALT up to median follow-up of 96 wk. In addition, all three patients in Group IA who developed elevated ALT subsequently normalized their ALT level on follow-up. In Group IB (patients with persistently elevated baseline ALT), lamivudine normalized ALT during therapy, but upon development of resistance, ALT increased in 75% of patients. However, only 4/12 (33%) of patients continued to have persistently elevated ALT on follow-up. Finally, in Group II (patients with decompensated cirrhosis), there was normalization of ALT levels and reduction in CPT scores during lamivudine therapy, but both parameters increased to baseline levels once lamivudine resistance occurred.
Thus the clinical picture of lamivudine-resistant hepatitis B virus demonstrates a spectrum of disease from normal ALT to hepatitis B flares and liver decompensation. Our findings suggest that at the peak of abnormality, the clinical picture correlates most closely with baseline clinical characteristics of the patient. On subsequent follow-up however, the course was relatively benign except for cirrhotics.
The inclusion of patients with normal baseline ALT (Group 1A) provided an invaluable group of patients for studying the pathogenic effects of lamivudine-resistant Hepatitis B virus. This group of patients were treated with lamivudine only because they were part of the Asian Lamivudine Multicenter Trial. Yet on developing lamivudine resistance, most of them retained normal ALT in their follow up. Even in the few who had transient abnormal ALT, these universally resolved in contrast to those with abnormal baseline ALT or liver function. This suggests that lamivudineresistant virus may not be more pathogenic than the wildtype virus. Although further study with larger number of patients is needed to confirm this, such study would be difficult to perform as clinical guidelines from America, Europe and Asia did not recommend lamivudine treatment for patients with normal baseline ALT levels [20] [21] [22] . Our findings also fit the known biology of HBV. Clinical disease in chronic Hepatitis B is a complex interplay between the virus and the immune system. Mutations in the YMDD motif confer resistance to lamivudine and allow high viral replication to resume. On the other hand, it is the mutations in the core region that have been most closely associated with increased immune responses to the virus [23] . Our study complements that of Yuen, who concluded that the majority of patients with lamivudine-resistant hepatitis B flares recovered except some with cirrhosis [24] . In our patients with abnormal baseline ALT, although 75% had elevation of ALT at any time, only 33% had persistently elevated ALT on prolonged follow-up suggesting that the final clinical outcome in those without cirrhosis generally shows a benign course. Similarly, Lok [25] also concluded that lamivudine-resistance led to good outcomes in non-cirrhotics, but this cannot be extrapolated to cirrhotics. Cirrhotic patients, having poorer liver reserve, are less able to tolerate the further necroinflammation that may resume with the return of viral replication in those phenotypically susceptible. Our cohort of cirrhotic patients (Group II) developed decompensation following lamivudine resistance, resulting in death in 30% of patients. These findings concur with the results of NUCB 4006 (CALM study) [26] . In this landmark study, lamivudine therapy in cirrhotic patients proved to provide significant benefit in terms of reduced progression of liver disease and reduction in hepatocellular carcinoma. Patients who developed lamivudine-resistant mutations showed a reduction in this endpoint efficacy, as we have shown, developing progression of their liver disease. Nevertheless, they still had less clinical endpoints than patients on placebo. Unlike the CALM study which enrolled patients with early and non-decompensated cirrhosis, most of the cirrhotic patients in our study had decompensated liver disease and had poor outcomes when lamivudine resistance developed.
We acknowledge the following limitations of our study. Firstly, we did not have histological confirmation of progression of liver disease. However, abnormal ALT has been accepted as a good surrogate marker for necroinflammation of the liver [27] . In addition, an increase in CPT score clearly signifies progressive liver damage and deterioration. Consequently, we feel that the lack of histological data does not detract from the findings of this study. Although our sample size was relatively small, the spectrum of patients included in our study is typical of those seen in a normal hepatology practice or hospital, rather than the pre-selected patients included in clinical trials. In addition, the findings in general are also observed in larger clinical studies. Our study also includes patients with normal ALT and decompensated cirrhosis, which have not been previously described. The duration of follow-up in our series was 102 wk, longer than in most other published studies [8, 12, 24] . We believe the results of our study could have two therapeutic implications. Firstly, the clinical severity of lamivudine-resistant HBV resembled the baseline phenotype, although on follow-up, the vast majority of the increased ALT normalized. Recent updated American guidelines for Hepatitis B recommends options of continuing or stopping lamivudine or converting to other antiviral drug when lamivudine resistance develops, depending on the patient's clinical state, ALT and HBV DNA levels [20] . Our study suggests that baseline activity can be used as predictive factor in identifying patients who are likely to resume active disease and who thus, should be monitored more closely. Secondly, in patients with poor liver reserve at baseline who developed lamivudine resistance, additional rescue therapy such as adefovir dipivoxil should be instituted early, before clinical deterioration occurred.
In conclusion, the clinical phenotype of patients with genotype resistance to lamivudine resembled the baseline clinical phenotype, suggesting loss of virus suppression and return to the pre-treatment state. Patients with high baseline ALT level or CPT score tended to return to a high ALT level or CPT score once lamivudine resistance occurred. With time, there was normalization of raised ALT levels in those with non-cirrhotic lamivudine resistance. Consequently, in treatment of hepatitis B, lamivudine therapy need not be stopped prematurely for fear of developing more pathogenic lamivudine-resistant strains. However, patients with cirrhosis, particularly decompensated cirrhosis, need to be monitored closely and adefovir dipivoxil started expediently when resistance occurs.
